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* ITU IMT-2020

eMBB

Enhanced mobile broadband Virtual Reality Office
indoor communications
> 1 Gbps/user*

<10 ms E2E latency

Subscriber density Latency

Massive distribution of
sensors and actuators
>1 min devices / km?

>10 years battery lifetime

Energy efficiency Reliability

mMTC URLLC

Ultra-reliable and low latency

Massive machine-type
communication

communication

* values defined for downlink and for Availability \ Mobility

specific availability levels
Broadband access everywhere
> 50 Mbps/user* and < 10 ms E2E latency
also in rural areas
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LTE compatibility

3GHz 10GHz

5G(mmW) access
(low-complexity design, short-range)
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Verizon to Launch Fixed Wireless ‘5G’ at 28 GHz; Are They
Shooting Too High?

February 23, 2017

BY J. SHARPE SMITH
Senior Editor, AGL eDigest

Verizon has announced its plans a large fixed “5G” pilot in the 28 GHz band providing high-speed, low-latency pre-

commercial services to select customers in 11 markets. But some in the industry wonder if it is the right service for those

frequencies.

Jaime Fink, co-founder of Mimosa Networks, said that the 28 GHz band may not be viable for fixed wireless 5G. In

contrast with Verizon, Mimosa's fixed wireless technology resides in the spectrum below 6 GHz

Delivering mmwWave broadband connectivity in non-line-of-sight (NLOS) environments, such as suburban and urban
areas, is extremely problematic over the last quarter mile, because of foliage and solid constructions,” he said. “Rather
G, the industry should use the sub-6 GHz spectrum bands.

than using the challenging, unproven m channels for 5

which have inc

redible propagation characteristics through foliage and construction materials.”
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> i
I >43dBm 25dBm (lI-V)
PA Power vs. Antenna array Elements
3@’8%{% >40% EIRP = 75dBm @ subl 6GHz & EIIRP = 65d‘Bm @ mmWave
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10T10R: TGA2595-CP

10T10R: TGA2595-CP

T] EIRP Budget Typ Units
Psat Final 39 dem DC Budget Typ Units
Backoft 8 a8 _|_ PaveFinal | 31 _| dBm_
Pave Final 31 dBm |
) Switch IL 1.5 dB L|PAEatBackoff) 8 _ | % _
Ll Filter IL 1.5 dB Pdc/amp 15.7 W
Pave Antenna 28 dBm Active Chains 10
Active Chains 10
Pave Total 38.0 dBm Pdc Total 157 W
Antenna Gain 22 dBi
1 EIRP 60.0 dBm From QOI’VO
Tx Total =20 W RxTotal=4 W
RF-DAC:
SPDT: 0.38 0.91 DVGA: 0.44 Downconv: 0.72
VGA: 1.15
Driver: 1.0
DVGA:
/ 0.87
Final PA:
16.0
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(- Input . I'::I_nterstagg,
::Matchingl |'Matching: I Network
| | ]

I» |
Input Y | :
S B

‘ |

. DPA: 4.4~5.1 GHz NI
* Pout: 40.7~42 dBm i P
;\a ./l | S
* Gain: >17 dB y S0y " g
* 45 A—a— A\ __——A - 40 §
* PAE@peak: 57~62% e e ©
- PAE@backoff: 41~47%@6dB | —-PAecs®  —e-Poust |

4.4 4i5 4i6 4f7 4f8 4i9 5.0 51
Freq (GHz)

B o 2 W o
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(AN
2.4 mm

- DPA/AB: 3.3~3.8/5.5~6.0 GHz

* Pout: 42.6/42 dBm

e Gain: 12/10.5dB

* PAE@peak: 56~64%/50~55%
 PAE@backoff: 42~51%@6dB/NA

65 - - — . : . : 45
/ N\ — I
60 /O\o—o 00 o— 44
551 -43 £
—~ — | | | | ©
S /l l\./ \._./ \l§./' =
=50 ‘\ 42
A A A =
45 - / \ 41 9
X A—A—

401 o DE_sat —A— DE_6dB —=— Pout_sat __40
35 T T T T 39
3.3 3.4 35 3.6 3.7 3.8
Freq (GHz)

65 - T : . : . : . : 45
60 -44

55 o—0——{43 E
S 504___——o 4273
o . o

>

454 — \-\./' 41 9

4 - 4

0 —o— DE_sat —u— Pout_sat 0
35 T T T T 39
55 5.6 5.7 5.8 5.9 6.0

Freq (GHz)
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 DPA: 4.6~5.6 GHz

 Pout: >30 dBm

e Gain: 11~15dB

« PAE@peak: 41~46%
 PAE@backoff: 24~27%@6dB

E B
: il “Input Matching ——
— v - v
S e W
| A _i:‘: ’ |

50 T T T T T T T T T 40
o o |
i \ / |
44 o __ PAE_peaN / 36 R
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< 38 —=— Pout_sat 1325
S =
N \. = = . i CUG)
X 321 28 =
@]
L
A
26 1_——a— A a—1 24
20 . . . : 20
4.6 48 5.0 5.2 5.4 5.6

Freq(GHz)
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c IVILEHITZ @ IIFRK, MRS, &I, SER
- EETZ SES. DIRBUN, SRR

TFR 0.15 E-FET P/N Diode MIM Capacitor

[ P-MESA [ N-MESA Il ohmic ] implant

@ 0.15 E-FET [ Pasivation SiN [] TFR [T METH
Bl VM SiN [ Polyimide B vET2 [ Protect SiN
I Fs0 [] Backside Metal

GaAs pHEMT

SiGe HBT
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e L
DPA: 29~31.8GHz
Pout: 25.7~26.8dBm
Gain: 13~14dB

PAE@peak: 31~38%
PAE@backoff: 21~30%@7dB

50
|—.’.5.—._.\.—.—.——.—.5.‘.
401 125
O =
/ N m
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o 30 A 20 ®
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o A A A / 3
A Ny A4 g
20 —0— PAE_peak |15
—A— PAE_7dB
—m— Pout_sat |
10 T T T T T T T 10
29.0 29.7 304 31.1 31.8
Freq(GHz)

IEEE IMS 2018 (published)
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* DPA: 29/46 GHz
 Pout: 25.4/25.2 dBm
 Gain: 16/10.5dB
 PAE@peak: 33%/25%

« PAE@backoff:
33%/25%@6dB

................ == = = Measurement at 46 GHz
m — Simulation at 45 GHz
14 30
= L25 =~ &
s 28
= 10 F20 W o
5 <5
©] 15 O]
6 1 -10
2> . ... Measurement at 29 GHz L5
—— Simulation at 28 GHz
2 T T T 0 2 T T T 0
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IEEE T-MTT 5G special issue (accepted) 18
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—0.625 mm

e Class-AB: 28 GHz
e Pout: 16.5 dBm

e Gain: 12.5dB

« PAE@peak: 31.1%

. EVM: 3.32%(S00MHz 64QAM)

imcy

Intelligent
Microwave
Circuit and
System Lab

Ve
TL2
C5 TL3
\/bb
R
RFin
o_| X
Cin
DO
20 — 35
Pl
o
3=
15 -
-« - L 30
---------- bt £ -0
10 4 b
%‘ - 25
E 51
Gn - 20 §
_— 0 - e
2 2
=] - 15 py
=
T 51
g = === Gain(Sim.)
A 10 - = = =Pout(Sim.) [ 10
- --=-PAE(Sim.)
15 Gain(Meas.)|| 5
= Pout(Meas.)
—e—PAE(Meas.)
-20 T T T T T T T 0
30 -25 20 15 10 5 0 5 10
Pin(dBm)

IEEE IMS 2019 (accepted)

—
e 9

‘mmWave SiGe Class-ABRSEE IE(biLE

-

RFout

20



—. 5GAMIEMIMOLIHIER

" =. Sub-6GHz DohertylfIi{igit

=. mmWave DohertyIJ5igit

N, KIEMIMOIInIL %t

h., BEESREE

=Ll




3.5GHz 64-channel || 1 [ F[ PO TP T .
. JH1LZ >
Massive MIMO HEEERBREEBR AEIHI7E>1300W
Beamformer Beamformer
HE EBE B
o) OO OO0
EEEEEEE
mfm H B lfl B
il B hEEE N
HEEENENEB PA - HE
Digital Signal Analog Circuits N
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5x signal \Pricessmg
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50 1 10 —- No DPD
iy ] —@- w/o upsampling
i 5 Upsampling*2
o i =¥~ Upsampling*3
-5

B . o]

=1 -EL e -10

@ = o ]

s - o % -15 -

Q g, =}

&a . iy 105 & (7)) )

5 & Q° -20 \

(] E 4

& o -25 .

il =z _ 3 -

D_ o
-30 N
-35
-40 N T T T T T

2 j | | | | 0 1900 2000 2100 2200 2300
0 0.2 0.4 0.6 0.8 1 Frequency(MHz)

Normalized Input

=5: 200MHzT5 35, 64QAM w/0 DPD -23.07 6.88
AH, &L 7.5dB w/ DPD (Q=1) -34.63 2.05
KIEZ: 320Msps(Q=1) w/ DPD (Q=2) -37.44 085
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